Abstract. During the last few years, a series of experiments has been done at the ELSA accelerator in Bonn with the Crystal Barrel/TAPS setup and at the MAMI accelerator in Mainz with the Crystal Ball/TAPS setup. Photoproduction of light mesons off the deuteron and 3 He-nuclei has been studied in detail. We will report some of the most interesting results.
INTRODUCTION
Photoproduction of η-mesons off light nuclei (d, 3 He) has two different aspects of hadron physics.
Electromagnetic excitations of the free proton are under intensive investigation, but so far much less attention has been paid to their neutron counter part. However, due to SU(3) selection rules, some states are predicted to be much stronger exited electromagnetically in the neutron case. The investigation of the iso-spin composition of electromagnetic excitations always requires measurements off the neutron. Quasi-free photoproduction of mesons off neutrons bound in light nuclei, in particular in the deuteron ( 3 He), is so far the only experimental possibility to investigate this topic. Coherent photoproduction of mesons off light nuclei can be explored as an additional spin/iso-spin filter for the elementary excitations.
The other aspect is the interaction of mesons with nucleons and nuclei. For short lived mesons like the π 0 , η, η ′ , ... the only access is via final state interaction (FSI), when the meson is produced in some nucleus and subsequently interacts with it. Topics like the search for mesic nuclei may be addressed. 
EXPERIMENTAL SETUP AND ANALYSIS
In both experimental setups Crystal Barrel/TAPS at ELSA (Bonn) (see fig.: 1) and Crystal Ball/TAPS at MAMI (Mainz) [3, 4] (see fig.: 2), we use real photon beams produced by directing the electron beam on a copper foil, where it produces photons by the Bremsstrahlung process. The photon energies were tagged via the momentum analysis of the scattered electron by a magnetic spectrometer. The Bremsstrahlung photons are nearly collinear with the incident electron beam and pass through a hole in the magnet yoke, after which they are collimated and than impinge on the liquid state targets (of about 5cm length) which sit in the center of an almost 4π detector system. The η-mesons were identified with a standard invariant mass analysis for the two or six photon decay.
The experimental at ELSA
The experiments at the electron stretcher ring and accelerator ELSA where done in four beam times using two different beam energies 2.6 and 3.2 GeV. Photoproduction of η mesons was studied via the η → 3π o → 6γ decay due to trigger restrictions. Events with at least six neutral hits were accepted if they could be combined to three π o mesons (invariant mass cut: 110 MeV < m γγ < 160 MeV). The η-mesons were then identified in the three-π 0 invariant mass spectrum. Recoil protons and neutrons in TAPS were identified with the plastic veto detectors in front of the BaF 2 crystals and a time-of-flight versus energy analysis was applied. Protons in the barrel were accepted when at least two out of the three layers of the Inner-detector had responded within an angular difference of 10 o to a hit in the barrel. Barrel hits were accepted as 'neutral' when no layer of the Inner-detector had responded.
The experimental at MAMI
The electron beam of 1508 MeV energy was used to produce bremsstrahlung photons which were tagged with the Glasgow magnetic spectrometer [5] for photon energies between 0.45 GeV -1.5 GeV with energy bins of 4 MeV. η-mesons were analyzed via their 2γ-and 6γ-decay channels. For the experiment with 3 He an important step is the separation of the coherent events from residual background from breakup reactions were a nucleon is removed from the Helium nucleus but not detected. This was done using a missing energy analysis which compares the kinetic cm energies of the η-mesons extracted directly from the measured decay photons with the ones calculated from the incident photon energy under the assumption of coherent kinematics. The result is a peak around zero for coherent events and some background structure at negative missing energies for breakup events. The shape of both contributions has been generated with Monte Carlo simulations. This analysis was done independently for each bin of incident photon energy and cm polar angle of the η-mesons (see fig.: 3). 
RESULTS AND DISCUSSION
Absolute cross sections were derived from the target density, the incident photon flux, the decay branching ratio, the detection efficiency, and the detection efficiency for neutrons and protons. The photon flux was determined by counting the deflected electrons and measuring the tagging efficiency with a detector placed directly in the photon beam (see fig.:1,2) .
In the fig.: 4 total cross sections of the γn→nη reaction as function of the final state invariant mass W calculated using the 4-momenta of the final state η-meson and the recoil nucleon is shown for deuteron and helium nuclei. The preliminary result confirm the previous findings of other experiments for the peak in the invariant mass spectrum.
In addition many different suggestions of its nature have been discussed, ranging from intricate interference structures between the low-lying S 11 resonances, threshold effects in coupled channel dynamics, over contributions of the D 15 (1670) resonance (suppressed for the proton), to a narrow P 11 state.
The coherent and break-up total cross section for γ 3 He reaction has been compared (see fig.: 5) and an extremely rapid rise for coherent reaction at the production threshold has been obtained, similar to what has been observed in hadron induced reaction at COSY. At the same time the angular distributions close to threshold are almost isotropic indicating strong final state interaction. Coh. Thres. η Quasifree. Thres. η FIGURE 5. Left: total cross section for coherent η production off 3 He from the two γ-decay (red triangle) and six γ-decay (blue stars) channels compared to the previous result from Pfeiffer et al. [2] . Right: comparison of coherent and quasifree η production off 3 He is shown. This are preliminary results.
